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National  Dam  Inspection  Act,  Public  Law  92-367.  The  technical  investigation 
includes  visual  Inspection,  review  of  available  design  and  construction  records, 
and  preliminary  structural  and  hydraulic  and  hydrologic  calculations,  as 
applicable.  An  assessment  of  the  dam's  general  condition  is  Included  in  the 
report. 
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DEPARTMENT  OK  THE  ARMY 
f MIL/VDFLPHIA  DISTRICT  CORPS  OF  ENOINEIRS 
CUSTOM  HOUSE-2  D ft  CHESTNUT  STREETS 
PHII  ADELPHIA  PENNSYLVANIA  19106 


Honorable  Brendan  T.  Byrne 

Gooemor  of  New  Jersey  16  MAY  1979 

Trenton,  NJ  08621 


Dear  Gowemor  Byrne: 

Ineloaed  la  the  Phase  1 Inspection  Report  for  Crystal  Sprint  l‘>ka  Daa  In 
Bergen  County,  New  Jersey  which  has  been  prepared  under  authorisation  of 
the  Dsa  Inspection  Act,  Public  Law  92-367.  A brief  asaessacnt  of 
the  daa's  condition  is  given  in  the  front  of  the  report. 

Based  on  visual  Inspection,  available  records,  calculations  and  past 
operational  perforeance,  C^tal  Spring  Lake  Dae,  a high  hasard  potential 
structure,  is  judged  to  be  in  fair  to  poor  overall  condition.  The 
daa's  spillway  is  considered  Inadequate  since  11  percent  of  the  Probable 
Mariana  Flood  (PHF)  would  overtop  the  dan.  To  insure  adequacy  of 
the  structure,  the  following  actions,  as  a ainlaua,  are  recoaaended: 

a.  The  apillwey's  adequacy  ahould  be  detemined  by  a qualified 
profeasional  consultant  engaged  by  the  owner  using  aore  sophisticated 
aethods,  precednrea,  and  studies  within  sis  aonths  froa  the  date  of 
approval  of  this  report.  Aay  rsaadlal  aeaaures  necessary  to  Insure  the 
sdeqnaey  of  the  spillway  and  to  prevent  overtopping  ahould  be  Initiated 
within  calendar  year  1980.  In  the  interia,  a detailed  aasrgeney  opera- 
tion plan  and  warning  systaa,  should  be  preaptly  developed.  Also,  during 
periods  of  unusually  heavy  precipitation,  around-the-clock  surveillance 
should  be  provided. 

b.  tfithiu  ''is  aonths  froa  the  date  of  approval  of  this  report, 
aaglneorlng  studies  and  analyses  should  he  Initiated  to  detemlaa  the 
dan's  enhanknent  condition  and  structural  stability.  This  should  Include 
test  borings  to  detemlne  aaterlal  properties  relative  to  stAblllty  end 
oeepage.  Any  raaedlal  aeasures  found  necessary  should  he  Initiated  within 
calendar  year  1980. 

c.  The  source  of  seepage  near  the  left  side  of  the  eahankaent  should 
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NAPBR-D 

■oDoribls  Braadan  T.  Byrna 


ba  dataralaad  vlthln  ehraa  aoiitha  tram  tha  data  of  approval  of  thla  rapore. 
If  tha  aaapaga  la  dataralaad  to  ba  froa  tha  raaarvolr,  tha  aariouanaaa 
of  It  ahoald  ba  avaluatad  aad  raaadlal  aaaaoraa  laplaaaatad. 

d.  Mthla  ala  aeatha  frea  tha  data  of  approval  of  thla  raport,  tha 
foUowlag  raaadlal  aetlona  ahoald  ba  eoaplatad: 

(1)  Riprap  ahoald  ba  plaead  on  tha  opatraaa  alopa  and  rock  facing 
on  tha  doanatraaa  alopa  of  tha  aabaakaanta  to  provlda  at  laaat  alnlaal 
protaetlon  In  tlaaa  of  overtopping . 

(2)  laaava  all  traaa  and  bmah  froa  tha  aabanknant. 

(3)  Rapalr  any  aaeaaalvaly  ataap  alopaa  of  tha  anbankaant  to  a 
atahla  alopa. 

(4)  Rapalr  and  elaaa  oat  tha  oatlat  aroa  of  tha  oaargoney  drain  and 
ragoUrly  oparata  tha  valvao  to  verify  that  thay  are  In  aorfclng  order. 

a.  Inapaet  tha  daa  yearly,  and  lioMdlataly  after  any  ovar topping. 

Make  tlaaly  rapalra  ao  naeaaaary  and  keep  raeorda  of  all  aalntanaaea  eerk. 

A copy  of  tha  report  la  being  fomiahad  to  Nr.  Dirk  C.  lofnan,  Rov 
<^****7  Departaant  of  Havlranaantal  Protaetloa,  tha  daalgnatad  State 
Office  eantaet  for  thla  prograa.  Mthla  five  daya  of  tha  data  af  thla 
latter,  a copy  vUl  alao  ha  aant  to  Coagreaaaan  Andrew  Nagolra  of 
tha  Seventh  Dlatrlct.  Ondar  tha  provlalon  of  tha  Freadaa  of 
laRomatlon  Act,  tha  Inapactloa  report  will  ba  aiAJoct  to  ralaaaa 
by  thla  office,  open  raqoaat,  five  daya  aftar  tha  data  of  thla 
latter. 
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Additional  eoploa  of  thla  report  aoy  ha  ahtolaad  froa  tha  Rational 
.Tachnleal  Infomatlon  Sarvleoo  (RHS),  Springfield,  Rlrglnla  22161 
at  a Toaaonahla  coot.  Plaaoa  allov  foor  to  alz  eeaka  fron  tha  data  of 


thla  latter  for  RTIS  to  have  eoploa 
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HAPBM-D 

Beaerabl*  Brendan  T.  Bjrme 

Aa  laportant  aapaet  of  tha  Daa  Safety  Prograa  will  ba  tha  laplaaantatlon 
of  tha  racoaMndatlona  «ada  aa  a raanlt  of  tha  inspaetlon.  Wa  accordingly 
ra^uaat  that  wa  be  adwlaad  of  propoaad  actlona  taken  by  the  State  to 
laplawant  our  raconaandatlona. 


1 Incl 

Aa  etatad  Colonel*  Corpa  of  BatlBaara 

Dlatrlct  Engineer 

Coplea  fumlahad: 

Dirk  C.  Hofwan*  P.E.*  Deputy  Director 

Dlwlolon  of  Hater  leaourcea 

R.  J.  Dept,  of  tanrlronaental  Protection 

P.  0.  Bos  01029 

Trantoe,  NJ  00625 

John  O'Doad,  Acting  Chief 

Bereea  of  Flood  Plain  ManagMoet 

Dlwlalon  of  Hater  leaoercea 

N.  J.  Dept,  of  Iwrlronamtal  Protection 

P.  0.  Bos  01029 

Trenton*  RJ  00625 


CRYSTAL  SPRING  LAKE  DAM  (NJQ0231) 


CORPS  or  EWGINEERS  ASSESSMBHT  OP  GElfERAL  COlfDITIOWS 


This  daa  was  Inspsetsd  on  30  Nowsabsr  1978  snd  4 Jsnusry  1979  by  Jsimy- 
Lesdshill  Englnsers  under  contrset  to  ths  Ststs  of  New  Jersey.  The  Stste, 
under  sgreeaent  with  the  U.  S.  Aray  Engineer  District,  Philadelphia, 
had  this  Inspection  perforasd  In  accordance  with  the  National  Dan  Inspection 
Act,  Public  Law  92-367. 

Crystal  Spring  Lake  Daa,  a high  haaard  potential  structure,  la  Judged  to 
be  In  fair  to  poor  overall  condition.  The  daa 'a  spillway  la  considered 
Inadequate  since  11  percent  of  the  Probable  Naxlaua  Flood  (PNF)  would 
overtop  the  daa.  To  Insure  adequacy  of  the  structure,  the  following 
actions,  as  a alnlaua,  are  recoaaanded: 

a.  The  spillway's  adequacy  should  be  detemlned  by  a qualified 
professional  consultant  engaged  by  the  owner  using  aore  sophisticated 
asthods,  procedures,  and  studies  within  six  aonths  frea  the  date  of 
approval  of  this  report.  Any  reaedlal  aeasures  necessary  to  Insure  the 
sdequacy  of  the  spillway  and  to  prevent  overtopping  should  be  Initiated 
within  calendar  year  1980.  In  the  Interla,  a detailed  eaergency  opera- 
tion plan  and  warning  systea,  should  be  proaptly  developed.  Also,  during 
periods  of  unusually  heavy  precipitation,  around-the-clock  surveillance 
should  be  provided. 

b.  Within  six  aonths  froa  the  date  of  approval  of  this  report, 
engineering  studies  and  analyses  should  be  inltlsted  to  detemlne  the 
dsa's  eabankasnt  condition  snd  structural  stability.  This  should  Include 
test  borings  to  deteralne  aaterlal  properties  relstlve  to  stability  and 
ssepage.  Any  reaedlal  aeasures  found  necessary  should  be  Initiated  within 
calendar  year  1980. 

c.  The  source  of  seepsge  nesr  the  left  side  of  the  eabsnkaent  should 
.be  dsterained  within  three  aonths  froa  the  dste  of  approval  of  this  report. 

If  the  seepage  is  dsterained  to  be  froa  the  reservoir,  ths  ssrlousness 
of  it  should  be  evsluated  and  reaedlal  aeasures  iapleaented. 

d.  Within  six  aonths  froa  the  date  of  approval  of  this  report,  the 
following  reaedlal  actions  should  be  coapletad: 

(1)  Rlprsp  should  be  plsced  on  the  upstreaa  slope  and  reck  facing 
on  ths  downstreaa  slope  of  the  sabankaants  to  provide  at  least  alnlaal 
protection  in  tlass  of  overtopping. 
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(2)  RMWve  all  trees  and  brush  trom  the  eabankaent. 

(3)  Repair  any  excesalvely  steep  slopes  of  the  eabankaent  to  a 
stable  slope. 

(4)  Repair  and  clean  out  the  outlet  area  of  the  caergency  drain  and 
regularly  operate  the  valres  to  verify  that  they  are  in  uerking  order. 

e.  Inspect  the  daa  yearly,  and  iuaediately  after  any  overtopping. 
Make  tiaely  repairs  as  necessary  and  keep  records  of  all  aaintenanee  work. 


APPROVED: 


JMtBS  G.  TOII(_ 
ilonel.  Corps  of  Bnglnears 
District  Engineer 
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DATE: 


PHASE  I INSPECTION  REPORT 


NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  Deun: 

State  Located: 

County  Located: 
Stream: 

Dates  of  Inspection: 


Crystal  Spring  Lake. 

I.  D.  No.  NJ00231 
New  Jersey 
Bergen 
Ramsey  Brook 

November  30,  1978  and  January 
4,  1979 


Brief  Assessment  of  General  Condition  of  dam 

The  dam  is  generally  in  fair  to  poor  overall  condi- 
tion. The  spillway  can  pass  10  percent  of  the  Probable 
Maximum  Flood  and  is  classified  as  inadequate.  The 
spillway  was  recently  repaired  and  appears  to  be  in  good 
condition . 

Seepage  of  undetermined  origin  was  observed  near 
the  toe  of  the  embankment.  The  downstream  embank- 
ment is  very  uneven,  and  both  slopes  are  covered 
with  a heavy  growth  of  vegetation. 

It  is  recommended  that  the  source  of  seepage  in 
the  embankment  be  determined  very  soon  and  remedial 
measures  implemented  if  it  appears  to  endanger  the 
dam.  Seepage  euid  stability  aneilyses  are  recommended 
in  the  near  future.  More  detedled  and  sophisticated 
hydraulic  and  hydrologic  studies  are  recommended  to 
more  accurately  determine  the  spillway  capacity  prior  to 
any  remedial  action.  Riprap  auid  rock  facing  should  be 


placed  on  the  embankment  slopes. 

Recommendations  for  operation  and  maintenance  that 
should  be  inplemented  in  the  near  future  include: 

(1)  removal  of  vegetation  from  the  embankments,  (2)  re- 
pair of  locally  steep  slopes,  (3)  repair  of  the  outlet 
drain  and  regular  operation  of  the  drain,  (4)  annual 
euid  post-flood  inspection  of  the  dam,  (5)  recording  of 
all  maintenance  work,  and  (6)  in?) lamentation  of  a 
warning  system  with  specific  notice  to  houses  downstream 
of  the  dcun  as  to  flood  potential  and  danger  to  life  and 
property . 


o,  P.E. 


Frank  L.  Panuzio 
Project  Manager 


New  Jersey  License  No.  9878 
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CRYSTAL  SPRING  DAM 

Upstream  view  looking  east.  Spillway  in 
center  of  photograph.  (Nov.  30,  1978) 
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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for 
Phase  I Investigations.  Copies  of  these  guidelines  may  be 
obtained  from  the  Office  of  Chief  of  Engineers,  Washington, 

D.  C.  20314.  The  purpose  of  a Phase  I Investigation  is  to 
identify  expeditiously  those  dams  which  may  pose  hazards  to 
human  life  or  property.  The  assessment  of  the  general  con- 
dition of  the  dam  is  based  upon  available  data  and  visual 
inspections.  Detailed  investigation,  and  analyses  involving 
topographic  mapping,  subsurface  investigations,  testing,  and 
detailed  computational  evaluations  are  beyond  the  scope  of  a 
Phase  I investigation;  however,  the  investigation  is  intended 
to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based. on  observations  of 
field  conditions  at  the  time  of  inspection  along  with  data 
available  to  the  inspection  team.  It  is  important  to  note 
that  the  condition  of  a dam  depends  on  numerous  and  constantly 
changing  internal  and  external  conditions,  and  is  evolution- 
ary in  nature.  It  would  be  incorrect  to  assume  that  the 
present  condition  of  the  dam  will  continue  to  represent  the 
condition  of  the  dam  at  some  point  in  the  future.  Only 
through  continued  care  and  inspection  can  there  be  any  chance 
that  unsafe  conditions  be  detected. 

Phase  I inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the 
estaJslished  Guidelines,  the  Spillway  Test  flood  is  based  on 
the  estimated  "Probable  Maximum  Flood"  for  the  region  (great- 
est reasonably  possible  storm  runoff),  or  fractions  thereof. 
The  test  flood  provides  a measure  of  relative  spillway  capa- 
city and  serves  as  an  aide  in  determining  the  need  for  more 
detailed  hydrologic  and  hydraulic  studies,  considering  the 
size  of  the  dam,  its  general  condition  and  the  downstream 
damage  potential. 
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PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 

CRYSTAL  SPRING  LAKE  DAM 

Federal  I.D.  No.  NJ  00231 
New  Jersey  I.D.  No.  23-77 

SECTION  1:  PROJECT  INFORMATION 


1. 1 General 

a . Authority 

The  National  Deun  Inspection  Act,  Public  Law  92-36  7, 
1972,  provides  for  the  National  Inventory  and  Inspection 
Progreun  by  the  U.  S.  Army  Corps  of  Engineers.  This 
report  has  been  prepared  in  accordcuice  with  this  authority, 
through  contract  between  the  State  of  New  Jersey  and  Jenny- 
Leedshill  Engineers.  The  State  of  New  Jersey  has 
also  entered  into  an  agreement  with  the  U.S.  Army 
Engineer  District,  Philadelphia,  to  have  this  work 
performed. 

b.  Purpose  of  Inspection 

The  purpose  of  this  inspection  was  to  evaluate  the 
general  structural  integrity  and  hydraulic  adequacy  of 
the  deun,  cuid  to  determine  if  the  dam  constitutes  a 
hazard  to  human  life  or  property. 

1.2  Description  of  Project 

a.  Description  of  Dam  and  Appurtenances 

Crystal  Spring  LcUce  Dam  is  cui  earthfill  dam  with  a 
concrete  core.  The  dcun  impounds  a reservoir  of  130 
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acre  feet  maximum  storage  capacity.  The  dam  is 
cipproximately  550  feet  long,  12  feet  high,  and  has 
a crest  width  of  25  to  30  feet.  A paved  roadway 
traverses  the  entire  length  of  the  crest.  Embank- 
ment slopes  axe  highly  variable  on  both  the  upstrecun 
and  downstream  sides,  averaging  about  2.5H:1V  on  the 
upstreeun  side  and  2H:lv  on  the  downstream  side.  Lo- 
cally, the  downstream  embeuikment  is  as  steep  as  about 
1.5H:1V.  The  spillway  is  a rubble  masonry  weir  located 
near  the  right  abutment.  The  30-foot  long  weir  is 
divided  into  2 bays  separated  by  a pier.  The  end  walls 
and  center  pier  support  a bridge  over  the  spillway. 
Downstream  of  the  spillway  a lined  channel  and  metsonry 
tred.ning  walls  direct  flow  through  a 90  degree  angle 
over  a toe  wall  to  the  stream  channel.  The  emergency 
outlet  consists  of  2 parallel  10-inch  diameter  pipes 
near  the  center  of  the  dam,  with  controls  located  in  a 
manhole  in  the  crest  of  the  dam. 

b . Location 

The  dam  is  located  across  Rcimsey  Brook  in  north- 
eastern New  Jersey  in  the  Borough  of  Ramsey,  Bergen 
County,  about  10  miles  north  of  Paterson.  The  location 
of  the  dam  is  shown  on  Plate  1. 

c.  Size  Classification 

The  size  classification  of  the  dcun  based  on  the  12- 
foot  height  of  the  dam  amd  the  mcucimum  storage  capacity 
of  130  acre  feet  is  small.  The  criteria  for  size  class- 
ification eure  set  forth  in  the  Corps'  Guidelines.  A 
small  size  dam  is  one  in  which  the  storage  capacity  is 
equal  to  or  greater  than  50  acre  feet  and  less  than 
1000  acre  feet,  and/or  the  height  of  the  dam  is  equal 
to  or  greater  them  25  feet  emd  less  than  40  feet. 
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d.  Hazard  Clcissification 


Crystal  Spring  Ledce  Dam  is  clcissified  eis  a high 
hazard  dam  because  of  the  potential  damage  emd  loss  of 
more  them  a few  lives  that  could  occur  in  the  event  of 
dam  failure  at  two  residences  immediately  downstream 
and  perhaps  about  20  houses  in  community  of  Allendale 
(pop.  6,200)  further  downs treeun. 

e.  Ownership 

The  dam  is  owned  by  the  Ramsey  Golf  and  Country 
Club,  Inc.,  105  Lakeside  Drive,  Ramsey,  New  Jersey, 
07446. 

f.  Purpose  of  Dam 

The  primary  purpose  of  the  dam  and  reservoir 
is  for  recreation  and  scenic  value.  A small  amount 
of  water  is  pumped  from  the  reservoir  for  irrigation 
of  the  nearby  golf  course. 

g.  Design  and  Construction  History 

Crystal  Spring  Lake  Dam,  variously  called 
Crystal  Springs  Dam,  Crystal  Lake  Dam  and  Wyckoff 
Lake  Dam,  was  built  sometime  prior  to  1913  . Corres- 
pondence in  the  owner's  files  indicates  that  the  dam 
may  have  been  built  about  the  turn  of  the  century. 
Wooden  flashboards  were  added  to  the  spillway  in  about 
1966  but  were  removed  shortly  thereafter.  In  December, 
1975  the  State  ordered  the  reservoir  dewatered  because 
the  spillway  could  not  pass  the  100-year  flood  and 
because  of  deterioration  of  the  existing  spillway  and 
possible  underflow  beneath  it.  The  action  was  witheld 
in  February,  1976  pending  engineering  studies.  Repairs 
of  the  spillway  were  made  in  1977  to  the  satisfaction 
of  the  State. 

h.  Normal  Operational  Procedures 

The  reservoir  is  unregulated,  with  flood  flows 
passing  over  the  ungated  spillway  weir.  The  emergency 
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outlet  is  only  occasionally  operated  for  maintenance 
work  on  the  dam  or  to  clean  the  reservoir. 


. 3 Pertinent  Data 


a.  Drainage  Area  - 1.77  square  miles 

b.  Discharge  at  Damsite 

. Ungated  spillway  capacity  at  maximum  pool 
elevation  - 450  cfs. 

c.  Elevation  (ft.  above  MSL) 


d. 


e. 


f. 


g- 


. Top  Dam 
. Spillway  crest 
. Streambed  at  centerline 
of  dam 

Reservoir  Length  (ft.) 

. Top  of  dcun 
. Spillway  Crest  (recrea- 
tion pool) 

Storage  (acre-feet) 

. Spillway  crest 
. Top  of  dam 
Reservoir  Surface  (acres) 

. Top  dam 
. Spillway  crest 


352.9 

349.3 

341 

2800 

2100 

65 

130 

20 

14 


(Approx. ) 


Dcun 

. Type  Earthfill  with  concrete 

core  wall 


. Length 
. Height 
. Top  Width 

. Side  Slopes  - upstream 

- downstream 


550  ft.  (approx.) 

12  ft. 

25  - 30  ft.  (Paved  road) 

2.5H;1V  (Estimated) 

2H:1V  (highly 

variad)le) 
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. Zoning 

. In^ervious  Core 

h.  Spillway 

• Type 

. Length,  of  weir 
. Width 

. Crest  elevation 
. U/S  Cheuinel 
. D/S  Channel 

i.  Regulating  Outlets 

. 2 parallel  10-in. 

valves  (emergency  outlet) 


Not  known 

Concrete  core  wall 

Two-bay  rxibble 
loasonry,  free  overfall 
30  ft. 

2.5  ft. 

349.3  ft. 

Reservoir 

Lined  channel  with 
masonry  tr2d.ning  walls 

diameter  C.I.  pipes  and  gate 


SECTION  2:  ENGINEERING  DATA 


Design 

a.  Geological  Conditions 

Crystal  Spring  Lake  and  Daun  are  situated  in  the 
northern  New  Jersey  Piedmont  Lowlfuids.  The  regional 
geology  at  this  area  is  presented  in  Appendix  C to 
this  report. 

Geologically,  the  dam  is  located  in  the  broad, 
rolling  ground  moraine  (till)  plain  deposited  by  the 
most  recent  continental  glaciation.  The  ground 
moraine  is  characterized  as  a non-residual,  unsorted 
cuid  heterogeneous  mixture  of  unstratified  soil.  The 
size  of  the  materials  range  from  clay  through  boulders 
with  silt  and  sand  sizes  predominating.  Permeability 
through  this  material  is  typically  low  to  medium, 
depending  on  the  eimount  of  fines. 

Within  stream  valleys,  recent  alluvium,  typically 
derived  from  local  materials,  occupies  the  flood  plains. 
Swampy  ground  with  a high  water  table  is  usually 
found  on  either  side  of  the  immediate  streeun  where  it 
has  not  been  altered  by  urbanization. 

Bedrock  was  not  observed  at  or  near  the  dam  and 
is  probably  located  at  depths  greater  than  20  feet 
below  the  present  ground  surface.  At  .depth,  the 
underlying  formation  is  the  Brunswick  formation,  a soft 
red  shale  with  interbedded  sandstone  layers . 

The  dam  is  located  in  a Seismic  Zone  1 amd  no 
active  faults  are  known  to  exist  in  the  immediate 
vicinity  of  the  dam.  However,  seismic  shaking  due  to 
distant  earthquaOces  should  be  expected. 


2.1  b.  Design  Data 


No  data  are  availedile  pertaining  to  the  original 
design  of  the  dam.  Based  on  field  measurements  at 
the  time  of  inspection,  the  dam  is  believed  to  be 
substantially  as  shown  in  plan  on  Plate  2.  The  spill- 
way and  a downstream  channel  are  shown  in  plan  and 
elevation  on  Plate  3. 

2.2  Construction 

Nothing  is  known  of  the  original  construction 
methods  nor  of  as-built  embcinkment  materials.  It  was 
reported  that  the  concrete  core  wall  was  constructed 
18  inches  thick  and  cibout  14  feet  deep.  In  1977  the 
spillway  weir  and  downstream  apron  were  repaired  as 
shown  on  Plate  3. 

2 . 3 Operation 

No  records  of  reservoir  levels  are  maintained  by 
the  owner.  Records  of  recent  repairs  are  available. 
There  are  no  monitoring  devices  or  survey  markers  on 
the  dam. 

2.4  Evaluation 

a.  Availability 

Data  are  not  available  on  the  original  design  or 
construction  of  the  dam  or  on  as-built  material  proper 
ties.  Data  are  availaJsle  on  recent  repairs  of  the 
spillway.  All  available  data  are  listed  in  Appendix  A 

b . Adequacy 

Available  data  are  insufficient  to  adequately 
evaluate  the  design.  Calculations  relating  to  the 
structural  design  of  the  dam  or  the  stability  of  the 
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as-built  structure  are  not  available.  Nothing  is  known 
of  construction  methods , testing  methods , or  as-built 
material  properties.  Foundation  conditions  are  unknown. 

c.  Validity 

Because  no  recent  surveys  of  the  dam  have  been 
made  other  than  at  the  spillway,  the  crest  elevation  of 
the  dam  is  not  known  with  precision.  Plans  of  the  spill- 
way (Plate  3)  appear  to  adequately  represent  the  present 
configuration.  The  information  on  the  core  wall  was 
reported  in  the  owner ' s correspondence  and  by  a local 
careteiker,  and  there  is  no  aissurance  of  its  validity. 
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SECTION  3:  VISUAL  INSPECTION 


3.1  Findings 

a.  General 

The  visual  inspection  of  Crystal  Spring  Lake  Dcun 
was  made  on  November  30,  1978  and  a subsequent  inspec- 
tion made  on  January  4,  1979.  The  water  surface 
elevation  at  the  time  of  the  first  inspection  was  349.5 
feet  or  just  above  the  top  of  the  spillway  crest. 

The  visual  inspection  did  not  reveal  any  critical 
signs  of  distress  in  the  dam;  however,  generally  the 
dam  has  not  been  well  maintained. 

Although  certain  remedial  work  has  been  done 
at  the  spillway  in  recent  years,  it  was  apparent  from 
the  visual  inspection  that  there  has  been  little  or  no 
maintenance  work  on  the  embankment  in  many  years . 

Detailed  inspection  was  made  of  the  dam,  appurten- 
ant structures,  reservoir  area,  emd  the  downstream 
channel.  Descriptions  of  the  findings  of  these  in- 
spections are  summarized  in  the  paragraphs  which 
follow.  The  checklist  of  visual  inspection  items  is 
included  in  Appendix  A.  Geologic  emd  foundation  condi- 
tions observed  at  the  time  of  inspection  are  noted  in 
greater  detail  in  Section  2.1-a. 

b.  Deun 

The  dam  was  inspected  for  signs  of  settlement, 
seepage,  erosion,  cracking  and  any  other  evidence  of 
undesirable  behavior  which  might  affect  the  steibility 
of  the  structure. 
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An  eisphalt  paved  roadway  transverses  the  entire 
length  of  the  top  of  the  dam,  including  a bridge  deck 
over  the  spillway.  There  is  no  evidence  of  settlement 
or  horizontal  misalignment  of  the  crest.  Both  the  up- 
stream and  downstream  slopes  of  the  embanJanent  are 
very  uneven.  The  unevenness  of  the  downstream  slope 
is  probably  attributable  to  a number  of  factors,  in- 
cluding erosion  from  overtopping  and  rainfall  runoff, 
the  action  of  large  tree  roots , cuid  the  buildup  of 
debris  over  the  years.  There  is  a heavy  growth  of 
trees,  to  2 feet  in  diameter,  on  the  downstream 
slope  (Photo  1) . Scattered  large  boulders  on  this 
slope  may  be  remnants  of  a rock  facing.  The  junctions 
of  the  embankment  with  its  abutment  and  with  the  spill- 
way appear  to  be  tight,  with  no  evidence  of  separation 
or  movement. 

About  2 to  5 gpm  seepage  was  noted  flowing  from  a 
15-foot  wide  area  at  the  toe  of  the  embankment, 
approximately  100  feet  from  the  left  (east)  abutment. 
(Photo  2) . The  discharge  was  clear  but  there  was 
some  indication  of  possible  quick  conditions.  The 
source  of  the  seepage  could  be  from  the  reservoir , 
from  recent  precipitation  runoff,  or  it  could  be 
related  to  a sewer  line  which  is  reported  to  have 
pierced  the  embankment  and  concrete  core  in  this 
vicinity.  The  area  below  the  toe  is  marshy. 

Little  of  the  upstream  embankment -was  exposed 
above  the  waterline.  There  is  no  evidence  that  the 
embauikment  heis  a riprap  facing.  The  embankment  is 
covered  with  a heavy  growth  of  vegetation  (Photo  3) . 
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, c.  Appurtenant  Structures 


Spillway 

The  spillway  is  a 2-bay  overflow  weir  separated 
by  a bridge  deck  support  pier  (Photo  4) . Because  of 
its  rock  masonry  construction,  discharge  over  the  weir 
was  rather  uneven,  but  the  crest  and  downs trecim  face 
appeared  to  be  in  good  condition,  with  no  evidence  of 
erosion  or  plucking  of  the  masonry  (Photo  5) . The 
center  bridge  pier  and  masonry  training  walls  have 
been  repaired  recently  and  are  in  good  condition.  A new 
toe  wall  has  been  installed  at  the  base  of  the  spill- 
way apron  (Photo  4) , and  the  underside  of  the  bridge 
was  recently  covered  with  wire  mesh  and  gunite. 

Outlet  Works 

Little  of  the  emergency  drain  could  be  observed. 

It  is  reported  to  consist  of  2 10-inch  pipes  controlled 
by  valves  in  a manhole  on  the  crest  of  the  dam.  The 
manhole  was  observed  to  be  filled  with  water  to  the 
level  of  the  reservoir  and  the  valves  were  submerged 
in  9 feet  of  water.  The  downstream  outlet  was  obscured 
by  debris . There  was  eibout  1/2  gpm  seepage  from  the 
outlet  area  (Photo  6) . 

d.  Reservoir  Area 

Water  in  the  reservoir  was  clear  and  without 
any  evidence  of  sediment.  It  was  reported,  however, 
that  there  is  a sedimentation  problem  requiring  dredging 
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of  the  IcUce  bottom. 
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Slopes  euround  the  reservoir  are  gentle  and  wooded 
(Photo  7) . Numerous  houses  face  the  reservoir  on  the 
surrounding  roadways. 

e.  Downstream  Channel 

A concrete  lined  channel  with  vertical  block  and 
masonry  training  walls  extends  about  70  feet  down- 
stream from  the  toe  of  the  spillway  apron,  terminating 
at  a low  weir  (Photo  8} . A house  is  located  on  the 
right  bank  of  the  lined  channel  (Photo  9}  euid  there  is 
another  house  in  the  flood  plain  downstream.  Below  the 
lined  chcuinel,  the  natural  stream  meanders  considerably 
cuid  the  flow  chcumel  is  not  well  defined  in  places . 

The  overbank  flood  channel  has  moderate  slopes  euid  is 
heavily  wooded. 
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SECTION  4:  OPERATIONAL  PROCEDURES 

4. 1 Procedures 

The  reservoir  is  operated  to  maintain  maximum  water 
levels  for  recreational  and  aesthetic  purposes.  A 
minor  aunount  of  water  is  pumped  from  the  reservoir  to 
irrigate  an  adjacent  golf  course.  There  is  no  regulation 
of  reservoir  levels  other  than  for  occasional  inspections 
amd  maintenamce  work.  Sediment  has  been  dredged  from 
the  reservoir  on  at  least  one  occasion. 

4 . 2 Maintenance  of  Dam 

There  has  apparently  been  little  or  no  maintenance 
work  done  on  the  embankment  in  many  years . 

The  spillway  weir  and  downstream  apron  were  repaired 
in  1977.  This  work  included  patching  of  concrete  in  the 
masonry  walls,  removal  of  concrete  stop  blocks  (for 
flashboards)  on  the  upstreaun  side  of  the  spillway,  repairs 
of  the  apron,  construction  of  a new  toe  wall  at  the  end 
of  the  apron,  and  installation  of  wire  mesh  and  gunite 
on  the  bottom  surface  of  the  bridge  over  the  spillway. 

There  are  no  instrumentation  or  monitoring  systems 
on  the  daim  or  reservoir. 

4 . 3 Maintenamce  of  Operating  Facilities 

The  emergency  outlet  is  apparently  operated  only 
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occasionally.  The  manhole  housing  the  valve  controls  is 
flooded,  but  the  valves  reportedly  C2m  be  operated  with- 
out draining  the  manhole.  It  is  not  known  what  main- 
tenance work  has  been  done  on  the  outlet. 

4 . 4 Description  of  Warning  System 

There  is  no  warning  system  or  emergency  contingency 
plain  in  event  of  possible  dam  failure  or  overtopping. 

4.5  Evaluation  of  Operational  Adequacy 

In  general,  maintenance  of  the  dam  has  been  deficient. 
Recent  work  to  repair  the  spillway  amd  appurtenances 
was  of  good  quality.  Other  than  this  recent  work,  there 
are  no  records  of  operations  or  maintenance. 
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SECTION  5:  HYDRAULIC/HYDROLOGIC 


( 

5.1  Evaluation  of  Features 
a.  Design  Data 

As  already  stated.  Crystal  Spring  Lake  Dam  is  classi- 
fied as  high  hazard  and  small  in  size.  In  accordance 
with  the  Corps  of  Engineers'  "Recommended  Guidelines  for 
Safety  Inspection  of  Dams",  the  Spillway  Design  Flood 
(SDF)  should  be  50  to  100  percent  of  the  Probable  Maximum 
Flood  (PMF) . The  100  percent  PMF  was  selected  as  the  SDF 
because  of  the  high  hazard  to  loss  of  life  immediately 
downstream  of  the  dam. 

Data  obtained  from  State  files  indicate  the  drainage 
basin  area  of  the  dam  is  1.77  square  miles.  Elevations 
range  from  a maximum  of  about  640  feet  above  mean  sea 
level  along  the  perimeter  of  the  drainage  basin  to  a 
minimum  of  about  350  feet  in  the  valley  floor.  Land  use 
patterns  within  the  watershed  consist  mostly  of  forests 
and  cultivated  land.  Only  a minor  portion  of  the  basin 
is  residential  developments.  About  1 percent  of  the 
watershed  area  is  the  reservoir  of  the  dam.  The  drainage 
basin  is  delineated  on  a U.S.G.S.  topographic  map  and  is 
presented  on  Plate  D-1,  Appendix  D. 

The  hydraulic  and  hydrologic  features  of  the  dam  were 
evaluated  using  criteria  set  forth  in  the  Corps  of  Engi- 
neers ' "Recommended  Guidelines  for  Safety  Inspection  of 
Dams",  and  additional  guidance  and  criteria  provided  by 
the  Philadelphia  District,  Corps  of  Engineers.  The  Prob- 
able Maximum  Precipitation  (PMP)  was  calculated  using 
Hydrometeorological  Report  No.  33  and  the  standard  Hops 
Brook  reduction  factor  of  0.80  for  misalignment  of  the 
storm. 


The  Probable  Maximum  Flood  (PMF)  was  calculated  using 
the  Corps'  computer  progreun  HEC-1,  Deim  Break  Version.  In 
computing  the  PMF  the  Corps  requested  that  the  SCS  tri- 
angular unit  hydrograph  with  curvilinear  transformation 
be  used.  The  computer  program  was  used  to  calculate  this 
unit  hydrograph  from  the  basin  lag.  A lag  time  of  1.1 
hours  was  calculated  for  the  basin  and  used  in  the 
progreun. 

An  initial  infiltration  loss  of  1.5  inches  and  a 
final  infiltration  loss  rate  of  0.15  inches  per  hour  were 
used  in  the  HEC-1  progreun  to  give  the  rainfall  excess. 
Using  the  excess  rainfall  and  the  unit  hydrograph,  the 
program  computed  the  peak  inflow  of  the  10  percent, 

15  percent,  50  percent  and  100  percent  PMF.  These  dis- 
charges are  approximately  610  cfs,  920  cfs,  3070  cfs,  and 
6140  cfs,  respectively. 

The  various  percentages  of  the  PMF  inflow  hydrograph 
were  routed  through  the  reservoir  using  the  Modified  Puls 
Method  by  the  HEC-1  program.  The  peak  outflow  discharges 
of  the  10  percent,  15  percent,  50  percent,  and  100  percent 
PMF  were  calculated  to  be  approximately  420  cfs,  840  cfs, 
3060  cfs  and  6130  cfs,  respectively.  The  flood  routings 
indicate  that  all  floods  greater  than  about  10  percent 
of  the  PMF  will  overtop  the  dam.  A plot  of  percent  PMF 
versus  peak  outflow  is  presented  as  Plate  D-2 
in  Appendix  D. 

The  spillway  and  overtop  stage-discharge  rating  curve 
used  in  the  flood  routing  was  calculated  using  the  weir 
equation  and  the  orifice  equation.  For  all  flows  up  to 
the  bottom  elevation  of  the  bridge  over  the  spillway  the 
weir  equation  was  used  assuming  free  overflow.  The  spill- 
way is  a broad-crested  weir  with  a discharge  coefficient 
of  2.9.  For  flows  above  the  bottom  elevation  of  the 
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bridge,  the  orifice  equation  was  used  to  calculate  flows 
through  the  spillway,  and  a discharge  coefficient  of  0.61 
was  assumed.  To  calculate  flows  over  the  dam  crest,  the 
weir  equation  was  used  and  free  overflow  as  assumed.  The 
dam  crest  is  a round-crested  weir  with  trees  and  other 
vegetation.  A discharge  coefficient  of  2.6  was  assumed. 
The  reservoir  stage-storage  curve  was  determined  from 
U.S.G.S.  7.5-minute  topographic  maps  and  data  obtained 
from  State  files.  This  stage-storage  curve  was  extended 
above  the  dcun  crest  to  include  surcharge  storage  during 
peak  flood  discharges.  In  the  reservoir  routing  computa- 
tions possible  discharges  through  the  outlet  works  were 
excluded  because  their  capacity  is  small  compared  to  the 
PMF  and  because  of  the  possibility  that  the  outlet  valves 
may  be  closed.  The  stage-storage  and  the  spillway  and 
overtop  stage-discharge  curves  are  presented  in  Appendix  D 
as  Plates  D-3  and  D-4,  respectively. 

Because  the  spillway  cannot  pass  one-half  the  PMF,  the 
various  percentages  of  the  PMF,  assuming  the  dcim  would 
not  breach  and  assuming  the  dam  would  breach,  were  routed 
1.2  miles  downstream  through  three  successive  reaches  to 
the  community  of  Allendale.  For  the  routing  calculations, 
estimates  of  channel  shapes,  slopes  and  roughnesses  were 
made  based  on  conditions  observed  in  the  field  and 
U.S.G.S.  topographic  maps.  The  locations  of  the  cross- 
sections  used  in  these  routings  are  shown  on  page  D-9, 
Appendix  D.  ‘ 

The  breach  parameters  used  in  the  HEC-1  analysis  are; 
the  breach  is  rectangular  in  shape,  270  feet  long,  will 
extend  to  the  approximate  original  reservoir  floor  ele- 
vation (340*),  will  begin  breaching  when  the  dam  is  first 
overtopped,  and  will  develop  to  its  maximum  size  in  4.0 
hours.  The  peak  outflow  for  the  10  percent,  15  percent. 
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50  percent  and  100  percent  PMF  were  calculated  to  be  ap- 
proximately 420  cfs,  1480  cfs,  3560  cfs,  and  6410  cfs, 
respectively . 

Three  floods  were  compared  in  assessing  the  down- 
stream hazard;  (1)  the  PMF  assviming  the  deim  is  breached; 
(2)  the  PMF  assuming  the  dam  is  not  breached;  and  (3)  the 
flood  that  is  approximately  equal  to  the  existing  capa- 
city of  the  spillway  (10%  PMF) . The  flood  depth,  width 
and  mean  flow  velocity  of  these  three  floods  at  the 
community  of  Allendale  are  summarized  in  the  following 
tabulation. 


Flooding  Characteristics 
at  Allendale 


10%  PMF 
Without 
Breaching 


PMF 

Without 

Breaching 


PMF 

With 

Breaching 


Peak  Discharge,  cfs  420 
Peak  Flood  Depth,  ft.  1.8 
Peak  Flood  Top 

Width,  ft.  50 
Peak  Flow  Velocity,  fps  4.7 


5900 

6260 

4.6 

4.7 

700 

710 

4.9 

4.9 

There  are  two  parallel  drain  pipes  for  the  reservoir. 

A representative  of  the  dam  owner  indicated  that  one 
drain  pipe  is  8 inches  in  diameter  and  the  other  is 
12  inches  in  diameter.  Drawings  obtained  from  the  owner's 
engineer  indicate  the  drain  pipes  are  both  10  inches  in 
diameter.  The  two  10-inch  diauneter  pipes  have  less  capa- 
city and  were  assumed  in  this  analysis.  Using  the  ori- 
fice flow  equation,  and  assuming  no  inflow  into  the  reser- 
voir or  outlet  tailwater,  the  time  required  to  drain  the 
reservoir  from  a spillway  crest  elevation  was  calculated 
to  be  a little  over  4 days. 
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b.  Experience  Data 

Records  of  lake  levels  are  not  maintained  for  this 
site.  The  reservoir  is  operated  to  maintain  maximum 
water  levels  for  aesthetic  and  recreational  purposes.  It 
is  reported  that  the  dam  was  overtopped  as  recently  as 
July,  1977,  but  the  flooding  characteristics  of  this 
flood  are  not  known. 

c.  Visual  Observations 

Just  downstream  of  the  spillway  there  is  a masonry 
training  wall  and  spillway  channel  that  turns  flow 
through  a 90-degree  angle  and  directs  it  along  the  down- 
stream toe  of  the  dam  towards  the  main  channel.  This 
wall  and  channel  diverts  most  flows  away  from  the  two 
homes  located  just  downstream  of  the  spillway.  A resi- 
dent of  one  of  the  downstream  homes  reported  that  during 
the  flood  of  July,  1977  her  house  was  almost  inundated 
and  her  neighbor's  house  was  inundated.  Thus,  the  train- 
ing wall  and  spillway  channel  are  not  adequate  to  divert 
all  of  the  larger  floods  that  overtop  the  dam  away  from 
the  hazard  area. 

The  main  stream  channel  downstream  of  the  dam  has  a 
very  irregular  cross  section,  low  channel  banks  and  many 
meanders.  The  immediate  flood  plain  slopes  gently  into 
the  main  stream,  is  thickly  wooded  and  has  considerable 
undergrowth . 

d.  Overtopping  Potential 

As  indicated  in  Section  5.1-a,  all  floods  greater 
than  about  10  percent  of  the  PMF,  when  routed  through  the 
reservoir,  will  overtop  Crystal  Spring  Lake  Dam.  The  PMF 
will  overtop  the  daun  by  2.4  feet  for  7.3  hours.  One-half 
the  PMF  will  overtop  the  dam  1.4  feet  for  5.8  hours. 

These  overtopping  heights  assume  the  dam  remains  in  its 
current  condition.  Thus,  a daun  breach  analysis,  described 
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in  Section  S.l-a,  was  made  because  the  spillway  may  be 
Seriously  Inadequate.  One  of  the  Corps'  criteria  for 
classifying  a spillway  cis  Seriously  Inadequate  is,  "Dam 
feu-lvure  resulting  from  overtopping  would  significantly 
increase  the  hazard  to  loss  of  life  downstream  from  the 
deun  from  that  which  would  exist  just  before  overtopping 
failure. " 

The  data  tedsulated  in  Section  S.l-a  were  used  to 
assess  the  degree  of  significcuice  that  overtopping 
fctilure  would  increase  the  downstream  hazard.  Assuming 
the  dam  does  not  breach,  the  discharge  at  Allendale 
would  be  about  5900  cfs  as  compared  to  a breach  pecik 
discharge  of  about  6260  cfs.  The  flow  depth,  top  width 
euid  velocity  would  be  only  slightly  greater  during  the 
breach  peak  discharge  and  not  result  in  a significantly 
higher  downstream  hazard.  Thus,  the  spillway  is  classi- 
fied as  Inadequate. 


SECTION  6;  STRUCTURAL  STABILITY 


6 . 1 Evaluation  of  Structural  Stability 

a.  Visual  Observations 

The  embankment  slopes,  particularly  those  down- 
streeun,  are  very  uneven.  There  is  a heavy  growth  of 
vegetation  on  the  slopes,  including  numerous  large 
trees.  Seepage  at  the  rate  of  2 to  5 gpm  was  observed 
from  one  area  of  the  embankment  on  the  left  side  of 
the  dcim.  The  source  of  the  seepage  could  not  be 
determined.  The  crest  of  the  embankment  has  no 
visually  obvious  vertical  or  horizontal  misalign- 
ments . 

The  spillway  appears  to  be  structurally  sound, 
as  is  the  lined  channel  downstream.  The  condition 
of  the  reservoir  drain  could  not  be  determined. 

b.  Design  euid  Construction  Data 

Almost  nothing  is  known  of  the  design  or  construc- 
tion of  the  dam.  Nothing  is  known  of  as-built 
embemkment  materials,  and  no  original  hydrologic 
or  hydraulic  computations  are  known  to  exist. 
Engineering  drawings  prepared  for  rehabilitation  of 
the  spillway  are  adequate  and  represent  as-built 
conditions.  . 

c.  Operating  Records 

No  records  of  reservoir  levels  are  maintained 
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by  the  owner,  nor  is  ther®  any  systemitized  recording 
of  maintenance  events.  There  have  been  no  recent 
surveys  of  the  embernkments  of  the  dam.  There  is  no 
instrumentation  of  the  dam. 

d.  Post-Construction  Changes 

The  only  known  post-construction  change  is  the 
rehabilitation  of  the  spillway  and  appurtenant 
structures.  It  appears  that  this  work  was  well 
engineered  and  well  constructed.  Because  of  the 
age  of  this  dam,  it  is  likely  that  there  have  been 
other  post- construction  changes,  about  which  nothing 
is  known. 

e.  Seismic  Stedsility 

The  dam  is  located  in  Seismic  Zone  1,  in  which 
it  may  generally  be  assumed  that  there  is  no  hazard 
from  earthquake,  provided  static  stedjility  conditions 
are  satisfactory  amd  conventional  safety  margins 
exist.  Although  the  dam  appears  to  have  satisfactory 
static  stability,  a stability  ainalysis  would  be  re- 
quired to  verify  this. 
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SECTION  7:  ASSESSMENT,  RECOMMENDATIONS 
AND  PROPOSED  REMEDIAL  MEASURES 


7 . 1 D^Lm  Assessment 

a.  Safety 

The  spillway  can  pass  only  10  percent  of  the 
ProbeUdle  Maximum  Flood.  The  dam  has  been  over- 
topped a number  of  times,  most  recently  in  1977. 

At  least  one  house  is  known  to  have  been  inundated 
in  the  most  recent  flood.  There  are  a few  residences 
immediately  downstream  which  are  endangered  by  over- 
topping and  the  community  of  Allendale  is  further 
downstream. 

The  embankment  is  very  uneven,  shows  signs  of 
erosion,  and  is  heavily  overgrown  by  vegetation. 
Seepage  of  xinde terminable  origin  was  observed  near 
the  toe  of  the  deun. 

The  spillway  appears  to  be  in  good  structural 
condition.  The  outlet  works  are  seldom  operated  amd 
their  condition  is  unknown. 

b.  Adequacy  of  Information 

There  are  insufficient  data  to  evaluate  the 
staUsility  of  ,the  daun,  since  nothing  is  known  of  the 
design,  construction  methods,  or  as-built  properties 
of  the  dam.  Recent  data  indicate  the  presence  of  a 
concrete  core  wall,  amd  although  there  is  no  reason 
to  doubt  this  information,  its  presence  was  not 
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verified  by  the  visual  inspection.  There  have  been 
no  recent  surveys  of  the  embankment,  and  there  are 
conflicting  data  regarding  the  size  of  the  two 
outlet  drains. 

c.  Urgency 

The  source  of  apparent  embankment  seepage  should 
be  determined  very  soon.  Consideration  should  be 
given  in  the  future  to  construction  of  a supplemental 
spillway.  Other  recommendations  should  be  implemented 
in  the  near  future. 

d.  Necessity  for  Additional  Data/Evaluation 

Corps  of  Engineers  Guidelines  require  that,  in 
general,  seepage  and  stability  analysis  should  be  on 
record  for  all  high  hazard  dams.  In  view  of  the  hazard 
potential  of  this  dam  and  the  possible  seepage  problem, 
it  is  recommended  that  such  analyses  be  performed  by  the 
owner,  including  soil  borings  and  laboratory  tests  of 
embankment  and  foundation  materials. 

7.2  Remedial  Measures 

a.  Corrective  Procedures 

The  following  corrective  procedures  are  recommended: 

(1)  The  source  of  seepage  near  the  left  side  of  the 
embemkment  should  be  determined  very  soon.  If  the 
seepage  is  determined  to  be  from  the  reservoir,  the 
serioiisness  of  it  should  be  evaluated  and  immediate 
remedial  measures  implemented. 
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(2)  The  owner  should  undertake  more  detailed  and 
sophisticated  hydraulic  and  hydrologic  studies  to  more 
accurately  determine  the  spillway  capacity . Depending 
on  the  results  of  these  studies,  remedial  action  should 
be  taken  eus  required. 

(3)  In  the  ne^u:  future  riprap  should  be  placed  on 
the  upstream  slope  and  rock  facing  on  the  downs t re eim 
slope  of  the  embankments  to  provide  at  least  minimal 
protection  in  times  of  overtopping. 

b.  Operation  and  Maintenance  Procedures 

The  following  operation  and  maintenance  procedures 
are  recommended  to  be  implemented  in  the  near  future: 

(1)  Remove  all  trees  and  brush  from  the  embank- 
ment, since  the  roots  endeuiger  the  core  wall  and  could 
lead  to  piping  problems. 

(2)  Repair  any  excessively  steep  slopes  of  the 
emb2mkment  to  a stable  slope. 

(3)  Repciir  and  clean  out  the  outlet  area  of  the 
emergency  drain  and  regularly  operate  the  valves  to 
verify  that  they  are  in  working  order. 

(4)  Inspect  the  dam  yearly,  and  immediately  after 
any  overtopping,  and  make  timely  repairs  as  necessciry. 

(5)  Keep  records  of  all  main  ten  euice  work. 

(6)  Inplement  a warning  system  in  cooperation  with 
local  authorities  and  devise  a contingency  plan  in  event 
of  flooding  conditions  or  possible  failure  of  the  dam. 
Post  wamina  signs  or  give  specific  notice  to  houses 
downstream  of  the  dam  as  to  flood  potential  and  danger 
to  life  and  property. 
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spillway  area.  (November  30,  1978 


Photo  2 - Seepage  (arrow)  at  downstream  toe 
of  embankment  near  left  abutment. 

(November  30,  1978) 


Photo  3 - Crest  of  dam  and  upstream  embankment, 
showing  heavy  growth  of  trees.  (November  30,  1978) 


Photo  7 - Reservoir  area,  looking  north. 
(November  30,  1978) 


Photo  9 - House  on  right  side  of  lined 
channel  downstream  of  spillway. 
(November  30,  1978) 
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APPENDIX  C 

REGIONAL  GEOLOGY  - PIEDMONT  LOWLANDS 
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REGIONAL  GEOLOGY  - PIEDMONT  LOWLANDS 


Physiography 

The  Piedmont  Lowlemds  Province  of  New  Jersey  lies 
northwest  of  a line  approximately  between  Trenton  and 
Perth  Amboy  and  southeast  of  an  approximate  line  between 
Milford  on  the  Delaware  River  and  Madiwah  near  the  New 
York  State  border.  Physiographically , the  province 
is  situated  between  the  predominantly  Preccunbrian  age 
New  Jersey  Highlands  Province  to  the  northwest  amd  the 
typically  \mconsolidated  Creataceous  age  and  younger 
sediments  of  the  Coastal  Plain  Province  to  the  south- 
east. (See  Figure  C-ll. 

Bedrock 

The  Piedmont  Lowlands,  encompassing  edsout  one- 
fifth  of  the  state,  is  characterized  by  northwestward 
dipping  bedrock  composed  of  interbedded  red  shales, 
siltstones  and  sauidstones  of  Triassic  emd  Jurassic  age 
amd  igneous  basalt  extrusions  (lava  flows)  and  diabase 
intrusions  of  Jurassic  age.  The  sedimentary  rocks  have 
been  eroded  to  a broad  southeastward  sloping  piedmont 
plain.  The  northwest  border  of  the  province  is  a north- 
east-  southwest  trending  fault  zone  (Ramapo  Fault) 
which  truncates  the  sedimentary  beds.  Total  vertical 
displacement  on  the  fault  may  reach  10,000  feet. 

The  gently  rolling  lowlemd  topography  of  the  piedmont 
lowlands  is  pierced  by  long  asyroetric  ridges  of  hard 
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and  resistant  igneous  rocks  which  were  intruded  into  or 
on  top  of  the  sedimentary  sequences . With  the  subse- 
quent erosion  of  the  softer  sedimentary  rocks , these 
igneous  formations  have  been  left  standing,  often  in 
bold  relief,  up  to  400  ft.  above  the  surrounding  plains. 
The  igneous  bodies  coit^osed  of  diabase  cuid  basalt  form  the 
Palisades  along  the  Hudson  River  and  the  three  Watchung 
MountcULn  ridges  of  the  central  Piedmont.  The  ridges 
are  all  steeper  on  the  southeast  with  gentle  dip  slopes 
to  the  northwest. 

Overburden 

The  Pleistocene  Age  Wisconsin  continental  glacier 
has  smoothed  and  filled  approximately  the  northern  half 
of  the  province.  The  terminal  moraine  of  the  glacier 
extends  from  Perth  Amboy  to  Summit  then  northwest- 
ward to  Morris  Plains.  North  of  the  morainal  line  the 
soils  characteristically  consist  of  glacial  tills  over- 
lying  the  bedrock  with  scattered  overlying  stratified 
outwash  deposits.  At  least  three  large  glacial  lakes 
occupied  portions  of  the  area  north  of  the  moraine  at 
different  periods,  resulting  in  a relatively  flat 
topography  conposed  predominantly  of  silts  and  clays. 

South  of  the  terminal  moraine,  most  of  the  over- 
burden consists  of  alluvial  deposits  overlying  a more 
highly  developed  weathered  treuisition  zone  on  top  of  the 
bedrock.  Some  highly  weathered  tills  of  pre-Wisconsin 
glaciation  can' be  found  on  the  top  of  intervalley  ridges. 
Much  of  the  alluvium  is  glacial  outwash. 
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